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LOAD-ADAPTIVE UPLINK TRANSMIT
POWER

CROSS-REFERENCES TO RELAT
APPLICATIONS

D,

L1

This application claims the benefit of U.S. Provisional
Application No. 61/118,934, filed Dec. 1, 2008, entitled “Dis-
tributed Load-Adaptive Termination Target for a Wireless
Uplink,” which 1s incorporated herein by reference for all
pUrposes.

BACKGROUND

Wireless communication systems are widely deployed to
provide various communication services such as voice, video,
packet data, messaging, broadcast, etc. These wireless sys-
tems may be multiple-access systems capable of supporting
multiple users by sharing the available system resources, e.g.,
time, frequency, power. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA)
systems, Time Division Multiple Access (TDMA) systems,
Frequency Division Multiple Access (FDMA) systems,
Orthogonal FDMA (OFDMA) systems, and Single-Carrier
FDMA (SC-FDMA) systems.

A wireless communication system may include a number
ol base stations that can support communication for a number
of mobile terminals. The system may support operation on
multiple carniers. Each carrier may be associated with a par-
ticular center frequency and a particular bandwidth. Each
carrier may carry pilot and overhead information to support
operation on the carrier. Each carrier may also carry data for
terminals operating on the carrier. Some transmissions
between a terminal and a base station may cause interference
to, and may also observe interference from, other transmis-
sions 1n the communication system. The interference may
adversely impact the performance of all affected base sta-
tions.

Further, traffic load in the wireless communication system
can 1impede performance of the system. Loads vary dynami-
cally, with users coming to and leaving from the system or
moving within the system over short periods of time. Further,
traific demands of users vary in time, e.g., with a user induc-
ing a large load for a data download, but then no or Iittle
loading after that. Also, loads within the system are non-
uniform. Different users may have different demands and
thus induce different loading on the system. For example, one
user may have a large data download requiring significant
system resources while another user may have a small data
demand requiring few system resources. Higher load levels
typically increase interference, reducing performance quality
and efficiency.

Referring to FIG. 7, a plot 130 shows a sequence of sub-
packets transmitted over time from a wireless network access
terminal (AT) to base transceiver stations (BTSs). As shown,
four sub-packets 132,134,136, 138 are transmitted over time,
with each sub-packet containing four slots, and there being
eight slots in between each pair of sub-packets from the end of
one sub-packet to the beginning of the next sub-packet. The
cight-slot gaps 140 between the packets 132, 134, 136, 138
provide time for a BTS to acknowledge decoding of the
sub-packet. A termination goal (TG) or termination target can
be established for the AT as a goal for the amount of slots to
be transmitted before decoding by the BTS. As indicated
here, TG 4, TG 8, TG 12, TG 16 goals correspond to the end
of transmission of the sub-packets 132,134,136, 138, respec-
tively. The termination goal represents the amount of slots to
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be transmitted such that the percentage chance of decoding
after the transmission of that number of slots 15 99% or

greater. Thus, with a termination goal TG 4, after transmis-
sion of the sub-packet 132, less than 1% of the time the
sub-packet 132 will not be decoded by the BTS. ForTG 16, a
typical profile of decoding percentages 1s 10% being decoded
aiter transmaission of the sub-packet 132, 40% decode success
after transmission of the sub-packet 134, another 40% suc-
cessiul decode after transmission of the sub-packet 136, and
another 9% successiul decode after transmission of the sub-
packet 138. This, however, 1s an exemplary profile of decodes
success rate, and other profiles may exist. The decode success
profile will vary from channel to channel. The likelihood of
successiul decode depends on, among other things, the trans-
mit power of the sub-packets 132, 134,136, 138 from the AT.

As the termination goal number increases, the capacity
from the AT increases and latency also increases. The con-
verse 1s true as the termination goal number decreases. Thus,
a termination goal of TG 16 has a higher capacity and higher
latency than termination goals TG 4 or TG 8. A termination
goal of TG 16 1s referred to a high-capacity, or a HiCap
termination goal while termination goals of TG 4 or TG 8 are
often referred to as low-latency, or Lol at, termination goals.

In 1IXEV-DO Rev-A systems, the peak data transmission
rate from AT's 1s about 1.8 Mbps. In Rev-A, packet sizes range
from 128 bits to 12 Kbits. With a packet si1ze of 128 bits and
a termination goal of TG 16, the data rate 1s 4.8 Kbits while
with a packet size of 12 Kbits the data rate 1s 460 Kbits. To
increase the data rate beyond 460 Kbps, the termination goal
can be lowered. If the termination goal 1s lowered to TG 4, the
data rate increases to about 1.8 Mbps. The increase of data
rate comes, however, through an increase 1n transmission
energy from the AT which results in higher interference and a
reduction 1n capacity.

SUMMARY

An exemplary access terminal of a wireless communica-
tion system includes: an antenna configured to transmait and
receive wireless communications; a transceiver coupled to
the antenna; a load level monitor communicatively coupled to
the transcerver and configured to receive, from the transceiver
via the antenna, and analyze indications of reverse link wire-
less network tratfic load over a period of time 1n aregion of the
wireless network containing the access terminal; a load level
module communicatively coupled to the load level monitor
and configured to combine the indications over the period of
time to determine a load level associated with the access
terminal; and a transmission module, communicatively
coupled to the load level module and the transcerver, config-
ured to cause the transcerver to change from transmitting data
packets 1n accordance with a first value of a transmission
characteristic to transmitting data packets 1n accordance with
a second value of the transmission characteristic 1n response
to the load level being below a first load threshold value.

Embodiments of such an access terminal may include one
or more of the following features. The second value 1s such
that the data packets transmitted in accordance with the sec-
ond value will have a lower-delay termination target than the
packets transmitted 1n accordance with the first value. The
transmission characteristic 1s a transmit power used by the
transcerver to transmit data packets, and wherein the second
value 1s higher than the first value. The transmission module
1s configured to cause the transceiver to transmit data packets
at a power level that 1s less than or equal to a transmit power
limit value. The transmit power limit value 1s a ratio relative to
a traffic-to-pilot ratio, and wherein the access terminal 1s
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configured to wirelessly recetve the transmit power limit
value via the antenna and store the transmit power limit value.
The transmission module 1s further configured to transmuit
third data packets from the access terminal using the first
value 1n response to the load level being above a second
threshold level. The first threshold load level and the second
threshold load level are equal. The transmission module 1s
configured to determine that transmitting the second data
packets using a lower-delay termination target 1s permitted.
Theload level module is configured to average the indications
over the period of time to determine the load level associated
with the access terminal.

An exemplary load-adaptive method of transmitting infor-
mation 1 a wireless network from an access terminal
includes: transmitting first data packets from the access ter-
minal using a transmission characteristic of a first value;
receiving, at the access terminal, indications of reverse link
wireless network traflic load over a period of time 1n a region
of the wireless network containing the access terminal; com-
bining the indications over the period of time to determine a
load level associated with the access terminal; determining
whether the load level 1s below a first threshold load level; and
transmitting second data packets from the access terminal
using a transmission characteristic of a second value in
response to the load level being determined to be below the
first threshold level.

Embodiments of such a method may include one or more of
the following features. The second data packets are transmit-
ted with a lower-delay termination target than the first pack-
cts. The transmission characteristic 1s a transmit power used
by the access terminal to transmit data packets, and wherein
the second value 1s higher than the first value. The second
value 1s less than or equal to a transmit power limit value. The
transmit power limit value 1s a ratio relative to a traific-to-
pilot ratio, and wherein the method further comprises wire-
lessly receiving the transmit power limit value at the access
terminal. The method further includes: determining, with the
transmission characteristic at the second value, whether the
load level 1s above a second threshold load level; and trans-
mitting third data packets from the access terminal using the
transmission characteristic of the first value 1n response to the
load level being determined to be above the second threshold
level. The first threshold load level and the second threshold
load level are equal. The method further includes determining
that transmitting the second data packets using a lower-delay
termination target 1s permitted. The combining comprises
averaging.

An exemplary computer program product according to the
disclosure includes: a processor-readable medium storing
processor-readable instructions configured to cause a proces-
sor to: transmit first data packets from an access terminal of a
wireless communication network using a transmit power of a
first value; receive indications of reverse link wireless net-
work traffic load over a period of time in a region of the
wireless communication network containing the access ter-
minal; combine the indications over the period of time to
determine a load level associated with the access terminal;
and transmit second data packets from the access terminal
using a transmit power ol a second value, higher than the first
value, 1n response to the load level being below the first
threshold level.

Embodiments of such a computer program product may
include one or more of the following features. The mstruc-
tions are configured to cause the processor to transmit the
second data packets such that the second value 1s less than or
equal to a transmit power limit value. The transmit power
limit value 1s a ratio relative to a traffic-to-pilot ratio. The
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second value 1s sufliciently high to reduce a termination goal
of the second data packets relative to the first data packets.
The computer program product further includes instructions
configured to cause the processor to reduce the transmit
power to transmit third data packets, after the second data
packets, from the access terminal using the transmit power of
the first value in response to the load level being above the
second threshold level while transmitting the second data
packets. The first threshold load level and the second thresh-
old load level are equal. The computer program product fur-
ther includes 1nstructions configured to cause the processor to
inhibit transmission of the second data packets at the transmat
power of the second level unless an indication 1s recetved that
using a higher transmit power by the access terminal 1s per-
mitted. The nstructions configured to cause the processor to
combine the indications are configured to cause the processor
to average the indications.

An exemplary access terminal configured to provide a
load-adaptive termination goal includes: an antenna config-
ured to transmit and receive wireless communications; a
transcerver coupled to the antenna; transmitting means, com-
municatively coupled to the transceiver, for transmitting first
data packets in accordance with a first termination goal 1n
response to a traffic load of a wireless network associated
with the access terminal being below a first threshold and for
transmitting second data packets 1n accordance with a second
termination goal 1n response to the tratfic load of the wireless
network being above a second threshold, the first termination
goal being lower than the second termination goal.

Embodiments of such an access terminal may include one
or more of the following features. The transmitting means are
configured to transmit the first data packets with a higher
transmit power level than the second data packets. The trans-
mitting means are configured to transmuit the first data packets
at a power level up to a transmit power limit value. The
transmit power limit value 1s a ratio relative to a traffic-to-
pilot ratio, and wherein the access terminal further comprises
receiving means for recerving the transmit power limit value
via the antenna and the transceiver and storing the transmit
power limit value. The transmitting means are further for
changing from transmitting the second data packets to trans-
mitting the first data packets 1n response to the tratfic load
being above the second threshold. The first threshold and the
second threshold are equal. The access terminal further
includes load means, communicatively coupled to the trans-
mitting means, for averaging indications over time of traffic
load of the wireless network associated with the access ter-
minal and providing an indication of the traific load to the
transmitting means.

Items and/or techmiques described herein may provide one
or more of the following capabilities. A termination goal of
uplink/reverse link transmissions in a wireless communica-
tion network can be dynamically altered 1n a distributed,
load-adaptive manner. A power, latency, and data rate tradeotf
in a wireless network can be dynamically assessed and altered
in load-dependent manner. An access terminal 1n a wireless
network can implement controlled inefliciency, e.g., during
times of light loading. Termination goal of wireless network
reverse link transmission can be reduced during times of light
network loading such that increased loading 1s acceptable.
Transmit power can be reduced and termination goal
increased of wireless network reverse link transmission dur-
ing times ol heavy network loading to accommodate other
traffic. While i1tem/technique-eifect pairs have been
described, 1t may be possible for a noted effect to be achieved
by means other than those noted, and a noted 1tem/technique
may not necessarily yield the noted effect.

[,
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BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a simplified diagram of a wireless communication
system, including a base station controller, base stations, and
access terminals.

FIG. 2 1s a block diagram of components of an access
terminal shown 1n FIG. 1.

FIG. 3 1s a block diagram of components of a base trans-
ceiver station shown in FIG. 1.

FIG. 4 1s a block diagram of functional components of the

access terminal shown 1n FIG. 2.
ock diagram of functional components of the

FIG.S1sab.

base transceiver station shown 1n FIG. 3.
FIG. 6 15 a block flow diagram of a process of implement-
ing a load-adaptive termination target transmission in the

system shown in FIG. 1.
FI1G. 7 1s a timing diagram of transmission of reverse-link

sub-packets 1n a wireless system.
In the figures, components with similar relevant character-
1stics and/or features may have the same reference label.

DETAILED DESCRIPTION

Techniques described herein provide mechanisms for pro-
viding load-adaptive reverse-link termination targets and
transmit powers for wireless network access terminals 1n a
distributed manner. For example, wireless network access
terminals can monitor over time an indication of load level
provided by base transceiver stations. If the access terminal
determine that the loads from all the base transcerver stations
within the access terminal’s active set indicates light loading,
then the access terminal can decrease the termination goal
value and increase the transmission power from the access
terminal. The access terminal can increase the power 1t uses to
transmit data up to a boost factor provided to the access
terminal from the base transceiver stations. The access termi-
nal can continue to send data at the lower termination goal
value and increase power until the access terminal determines
that the loading of the base transceiver stations within access
terminal’s active set 1s no longer considered light. Other
embodiments are within the scope of the disclosure and
claims.

Techniques described herein may be used for various wire-
less communication systems such as CDMA, TDMA,
FDMA, OFDMA, SC-FDMA, and other systems. The terms
“system” and “network” are often used interchangeably. A
CDMA system may implement a radio technology such as
CDMA2000, Umversal Terrestrial Radio Access (UTRA),
etc. CDMA2000 covers IS-2000, IS-95 and IS-856 standards.
[S-2000 Releases 0 and A are commonly referred to as
CDMA2000 1X, 1X, etc. IS-856 (TIA-856) 1s commonly
referred to as CDMA2000 1xEV-DO, High Rate Packet Data
(HRPD), etc. UTRA includes Wideband CDMA (WCDMA)
and other vaniants of CDMA. A TDMA system may imple-
ment a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may imple-
ment a radio technology such as Ultra Mobile Broadband
(UMB), Evolved UTRA (E-UTRA), IEEE 802.11 (W1-F1),
IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc.
UTRA and E-UTRA are part of Umiversal Mobile Telecom-
munication System (UMTS). 3GPP Long Term Evolution
(LTE) and LTE-Advanced (LTE-A) are new releases of
UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,
LTE-A and GSM are described in documents from an orga-
nization named “3rd Generation Partnership Project”
(3GPP). CDMA2000 and UMB are described in documents
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Project 2”7 (3GPP2). The techniques described herein may be
used for the systems and radio technologies mentioned above
as well as other systems and radio technologies. The descrip-
tion below, however, describes a 1XEV-DO system for exem-
plary purposes, although the techniques are applicable
beyond 1xEV-DO applications.

Referring to FIG. 1, a wireless communication system 10
includes base transceiver stations (B1Ss) 12, disposed in cells
14, mobile access terminals 16 (Als), and a base station
controller (BSC) 18. The system 10 may support operation on
multiple carriers (wavelorm signals of different frequencies).
Multi-carrier transmitters can transmit modulated signals
simultaneously on the multiple carriers. Each modulated sig-
nal may be a CDMA signal, a TDMA signal, an OFDMA
signal, a SC-FDMA signal, etc. Each modulated signal may
be sent on a different carrier and may carry pilot, overhead
information, data, etc. Here, the system 10 1s a multi-carrier
1xEV-DO Rev. A network capable of distributed dynamic
uplink transmit power responsive to network load.

The BTSs 12 can wirelessly communicate with the termi-
nals 16 via an antenna 24. The BTS 12 may also be referred to
as an access point, an access node (AN), a Node B, an evolved
Node B (eNB), etc. The BTSs 12 are configured to commu-
nicate with the AT's 16 under the control of the BSC 18 via
multiple carriers. Each of the base stations 12 can provide
communication coverage for a respective geographic area,
here the cell 14a, 145, or 14¢. Each of the cells 14 of the base
stations 12 1s partitioned into multiple (here three) sectors 20
(as shown 1n cell 14a) as a function of the base station antenna
22. While FIG. 1 shows the sectors 20 as being sharply
defined, with the ATs being 1n only one sector 20 each, the
sectors 20 overlap and a single AT 16 can be 1 multiple
sectors 20 and multiple cells 14 stmultaneously such that the
BTSs 12 can communicate with the AT 16 through more than
one sector 20 and more than one cell 14.

The system 10 may include only macro base stations 12 or
it can have base stations 12 of different types, e.g., macro,
pico, and/or femto base stations. A macro base station may
cover a relatively large geographic area (e.g., several kilome-
ters 1n radius) and may allow unrestricted access by terminals
with service subscription. A pico base station may cover a
relatively small geographic area (e.g., a pico cell) and may
allow unrestricted access by terminals with service subscrip-
tion. A femto or home base station may cover a relatively
small geographic area (e.g., a femto cell) and may allow
restricted access by terminals having association with the
temto cell (e.g., terminals for users 1n a home).

The AT's 16 can be dispersed throughout the cells 14. The
ATs 16 may be referred to as mobile stations, mobile devices,
user equipment (UE), or subscriber units. The Al's 16 here
include cellular phones and a wireless communication
device, but can also 1include personal digital assistants
(PDAs), other handheld devices, netbooks, notebook com-
puters, etc.

Referring also to FIG. 2, an exemplary one of the ATs 16
comprises a computer system including a processor 40,
memory 42, a transcerver 44, and an antenna 46. The trans-
ceiver 44 1s configured to communicate bi-directionally with
the BTS 12. The processor 40 1s preferably an intelligent
hardware device, e.g., a central processing umit (CPU) such as
those made by Intel® Corporation or AMD®, a microcon-
troller, an application specific integrated circuit (ASIC), eftc.
The memory 42 includes random access memory (RAM) and
read-only memory (ROM). The memory 42 stores computer-
readable, computer-executable software code 43 containing
instructions that are configured to, when executed, cause the
processor 40 to perform various functions described herein.
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Alternatively, the software 43 may not be directly executable
by the processor 40 but 1s configured to cause the computer,
¢.g., when compiled and executed, to perform the functions.

The AT's 16 can communicate with the base stations 12 via
forward and reverse links using an active set of carriers. The
torward link (or downlink) refers to the communication link
from the base station 12 to the terminal 16, and the reverse
link (or uplink) refers to the communication link from the
terminal 16 to the base station 12. The active set of carriers 1s
the set of carriers for which communication with a base
station 12 has been determined to be possible to a satisfactory
degree. The active set can include sector-carrier pairs (pilots)
corresponding to the base stations 12 that will decode trans-
missions {rom the AT 16 on the uplink and which can be
selected by the AT 16 to receive downlink transmissions.

The ATs 16 designate respective BTSs 12 for each of the
carriers within the AT's” active sets of carriers. Each of the ATs
16 determines and selects, e.g., using a data rate control
(DRC) signal, one of the BTSs 12 for each of 1ts active set
carriers. The selection 1s typically based upon which BTS 12
provides the best signal to interference-plus-noise ratio
(SINR).

Referring also to FIG. 3, an exemplary one of the BTSs 12
comprises a computer system including a processor 50,
memory 32, a transcerver 54, an antenna 56, and a BSC
interface 58. The transceiver 54 1s configured to communicate
bi-directionally with the ATs 16. The processor 50 1s prefer-
ably an intelligent hardware device, e.g., a central processing
unit (CPU) such as those made by Intel® Corporation or
AMD®, a microcontroller, an application specific integrated
circuit (ASIC), etc. The memory 52 includes random access
memory (RAM) and read-only memory (ROM). The memory
52 stores computer-readable, computer-executable software
code 53 containing mstructions that are configured to, when
executed, cause the processor 50 to perform various functions
described herein. Alternatively, the software 33 may not be
directly executable by the processor 50 but 1s configured to
cause the computer, e.g., when compiled and executed, to
perform the functions. The BTS 12 1s connected and config-
ured for bi-directional communication with the BSC 18.
Typically, as here, the BSC 18 1s hardwired to the BTSs 12.
The BTS 12 1s configured to convey, receive, encode, and
decode transmissions to and from the BSC 18 using the trans-
ceiver 54 via the BSC interface 58. The BTS 12, through the
processor 50 and the software code 53, implements, among,
other things, a scheduler to route data over pilots to the ATs 16
within the BTS’s cell 14.

The traffic load in the network 10 changes dynamically
across the sectors and carriers as the ATs move and/or turn
on/oil applications. Data demand 1n the network 10 1s mntrin-
sically non-uniform, leading to chokepoint sectors 20 or
pilots and time variations so that which sectors or pilots are
chokepoints change over time. A chokepoint sector operates
at or close to a maximum tolerable or desired load level for
that sector 20. Further, the non-uniform demand leads to
sectors 20 or pilots that are lightly loaded i which interfer-
ence 1s a little concern. It has been found that typically there
ex1sts only a small portion of sectors 20 that are chokepoints
at any given time and that chokepoint sectors typically have
several lightly-loaded neighbor sectors. Neighbor sectors
may not be adjacent physically, but are similar 1n a radio
frequency (RF) sense as to the quality of communications
available to a particular AT 16.

Referring to FIG. 4, the access terminal 16 includes a
load-level monitor, here an RAB monitor/filter, 62, a load-
level module 64, and a power boost module 66. The monitor
62, module 64, and module 66 are configured to determine
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load-level of the BTSs 12 1nthe AT’ s active set and determine
whether this loading 1s a light loading or heavy loading. The
monitor 62, module 64, and module 66 are further configured
to boost the power with which data are transmitted from the
AT 16 to reduce the termination goal of the data transmitted
from the AT 16 11 the loading 1s determined to be light. The
power boost module 66 can recerve indications from the BTSs
12 of a mimmum allowed termination goal and whether the
AT 16 has permission to use a lower termination goal in
response to reverse link load conditions.

The monitor/filter 62 1s configured to monitor indications
ol loading from the BTSs 12 in the Al’s active set. The
monitor/filter 62 can receive areverse activity bit (RAB) from
cach of the BTSs 12, with the RAB being a single bit with a
value of either one or zero indicative of aload experienced by
the BTS 12 relative to a threshold load value. The monitor/
filter 62 can filter or average the value of the RAB over time
to produce a filtered RAB (FRAB) and provide indications of
the FRAB. An RAB with a value of one indicates that load
experienced by the corresponding BTS 12 1s greater than a
target loading level. An RAB value of zero indicates that the
load experienced by the corresponding BTS 12 1s at or below
the target loading level. Alternatively, an RAB of one could
indicate loading at or above the threshold and a value of zero
could 1indicate loading below the threshold.

The load level module 64 1s configured to receive the
indications of the FRAB values from the monitor/filter 62.
The load level module 64 1s configured to average the FRAB
values from all the BTSs 12 1n the AT’s active set to determine
the relative loading level for the region of the system 10 (FIG.
1) where the AT 16 1s presently. An aggregate FRAB at or
close to one indicates that the corresponding BTSs 12 are
heavily loaded, while a FRAB value of about 0.5 indicates
that the loading 1s about what 1s expected forthe BTSs 12, and
a FRAB value less than or equal to about 0.1 indicates that the
corresponding BTSs 12 are lightly loaded.

The power boost module 66 1s configured to communicate
with the load level module 64 to determine whether to boost
the transmission power from the AT 16. The power boost
module 66 analyzes the FRAB value provided by the load
level module 64 averaged across the BTSs 12 and the AT’s 16
active set to determine whether the region 1n which the AT 16
presently resides 1s lightly loaded. It the loading 1s light, e.g.,
the averaged FRAB value 1s lower than a load threshold value,
then the module 66 will cause an increase 1n the transmait
power, and 1 the loading 1s heavy and power 1s presently
boosted, then the module 66 will cause a reduction in the
transmit power. The amount of power boost 1s restrained by a
T2PBoost value recerved and stored by the module 66 from
the BTS 12 indicating a limit on the traffic power level relative
to a pilot power level. The amount of power boost 1s also
restrained by the load threshold value. The module 66 will
determine whether to reduce transmit power i1 1t 1s presently
boosted. If the power 1s presently boosted, then the module 66
will cause a decrease 1n transmit power 11 the averaged FRAB
value 1s or becomes greater than or equal to the load threshold.

Retferring to FIG. 5, the BTS 12 includes a T2PBoost
module 72. The module 72 1s configured to set and convey the
T2PBoost value to the ATs 16 viathe antenna 56 (F1G. 3). The
module 72 1s also configured to convey to the Als 16 the
minimum allowed termination goal and an indication as to
whether the ATs 16 have permission to use a lower termina-
tion goal 1n response to reverse link load conditions.

Referring to FI1G. 6, with further reference to FIGS. 1-5, a
process 110 of altering reverse link termination target and
transmit power, to provide distributed (across the Als 16)
load-adaptive transmit power and termination goal, includes
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the stages shown. The process 110 1s, however, exemplary
only and not limiting. The process 110 can be altered, e.g., by
having stages added, removed, or rearranged.

Atstage 112, each ofthe BTSs 12 transmits, and each of the
ATs 16 receives, an indication of the minimum termination
goal, an indication of whether the AT 16 has permission to use
a lower termination goal 1n response to reverse link load
conditions, and if so an indication of the power boost limait
(T2PBoost). Different mimnimum termination goals may be
transmitted by different BTSs 12 and/or to different AT's 16,
and different permissions regarding lowering termination
goals may be transmitted by different BTSs 12 and/or to
different ATs 16. Further, the indication of whether a lower
termination target 1s permitted may be the T2PBoost value
itself.

At stage 114, the AT 16 transmits data packets with a first
power level corresponding to a high capacity mode. The
power level 1s a traffic-to-pilot (12P) level that 1s predeter-
mined by the AT 16 (e.g., as a default, or as agreed upon with
the BTS 12) based upon an algorithm and/or parameters
provided by the access network. The data packets have a high
termination goal, e.g., TG 16, at this stage.

At stage 116, each of the BTSs 12 transmits a reverse
activity bit (RAB) to the AT 16. The RAB provides an indi-
cation of the load level for the BTSs 12, or the sectors 20 for
the BTSs 12. The AT 16 receives the load level indications,
from the BTSs 12, in the RAB monitor/filter 62 and stores
these indications for averaging over a predetermined time
period.

At stage 118, the load level indications (RABs) are com-
bined to produce a total load level indication. The monitor/
filter 62 filters or averages the load level indications (RAB
values) over time. The monitor/filter 62 filters the received
R AB values to produce a filtered reverse activity bit (FRAB)
value providing a long-term measure of load for the corre-
sponding BTS 12. Here, for example, the filter 62 provides a
256 slot IIR (infinite impulse response) filter thus averaging
the load indication over about one second. This amount of
filtering, however, 1s exemplary and not limiting, and the
duration of the filtering may be different and 1s preferably
configurable. The load level module 64 receives indications
of the FRAB values from the monitor/filter 62 for all the BTSs
12 in the AT’s active set. The load level module 64 further
combines, here averages, the FRAB values from all the BTSs
12 1n the AT’s active set. This averaging yields an aggregate
average FRAB indicative of the relative loading level for the
region of the system 10 (FIG. 1) where the AT 16 1s presently.
Alternatively, the RAB values could be combined and then
filtered.

At stage 120, the power boost module 66 determines
whether an 1ncrease 1n the uplink transmission power 1s per-
mitted and 11 so, whether to increase the uplink transmission
power based on the network loading indicated by the aggre-
gate average FRAB. To determine whether the loading 1s
light, the power boost module 66 compares the aggregate
average FRAB with a light-load threshold, e.g., a value 010.1.
If the averaged FRAB value 1s less than or equal to about 0.1,
then the power boost module 66 determines that the AT 16 can
reduce the termination goal value by increasing the power of
data transmitted by the AT 16, and the process 110 proceeds
to stage 122. To determine whether the loading has become
too high for the present transmit power, the power boost
module 66 compares the FRAB with a heavy-load threshold.
If the averaged FRAB value 1s greater than a heavy-load
threshold, then the power boost module 66 determines that
the AT 16 should reduce the transmission power to increase
the termination goal and reducing loading of the network, and
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the process 110 proceeds to stage 124. The heavy-load thresh-
old may be the same as the light-load threshold. Alternatively,
the heavy-load threshold may be different from the light-load
threshold, e.g., a FRAB value of 0.5 versus a FRAB value of
0.3 to provide hysteresis in the changing between termination
targets.

At stage 122, the transmit power 1s increased and data
packets are transmitted with increased power, relative to stage
114, to reduce the termination goal dynamically based on the
network load. The power boost module 66 evaluates the
power boost factor value provided by the BTSs 12 to deter-
mine how much power increase 1s available to the AT 16. The
power boost factor, or T2PBoost, 1s a factor providing the
upper limit on how much the AT 16 can boost the transmission
power ol the sub-packets from the AT 16. The power boost
factor 1s a ratio indicating the amount of boost relative to the
traffic-to-pilot ratio (12P). For example, the T2PBoost value
may be an indication of 2 to 4 times the present power amount
(3-6 db) to transition from TG16 to TG4. The power boost
module 66 will increase the power used by the AT 16 to
transmit the data up to the power boost amount allowed by the
power boost factor. The process 110 returns to stage 116 for
further assessment of network loading and adaptation of
transmit power and termination goal.

At stage 124, the power boost module 66 determines
whether the present transmit power 1s above the initial T2P
level. It so, then the process 110 proceeds to stage 126 where
the power boost module reduces the transmit power to the
T2P level to reduce traffic load in the network before the
process returns to stage 116 for further assessment of network
loading. Thus, 1t the AT 16 1s transmuitting at increased power
relative to the traffic-to-pilot ratio, and the FRAB indicates
that the network loading has become heavier than desired for
the current transmit power, then the power boost module 66
will increase the termination goal value and reduce the power
used by the AT 16 to transmit data sub-packets. If the transmit
power 1s not above the T2P level, then the process 110 returns
to stage 116.

With the process 110 returming to stage 116, the RAB
monitor/filter 62 and load level module 64 will continue to
determine whether the loading of the BTSs within the AT’s 16
active set allow for increased power and reduced termination
goal.

Considerations Regarding the Description

The various 1illustrative logical blocks, modules, and cir-
cuits described in connection with the disclosure herein may
be implemented or performed with a general-purpose proces-
sor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but 1n the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combi-
nation of computing devices, €.g., a combination of a DSP
and a microprocessor, multiple microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other
such configuration.

The blocks of a method or algorithm described in connec-
tion with the disclosure herein may be embodied directly in
hardware, 1n a soitware module executed by a processor, or in
a combination of the two. A software module may reside 1n
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a remov-
able disk, a CD-ROM, or any other form of storage medium
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known 1n the art. An exemplary storage medium 1s coupled to
the processor such that the processor can read information
from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the pro-
cessor. The processor and the storage medium may reside 1n
an ASIC. The ASIC may reside 1 a user terminal. In the
alternative, the processor and the storage medium may reside
as discrete components 1n a user terminal.

In one or more exemplary designs, the functions described
may be implemented 1n hardware, software executed by a
processor, firmware, or any combination thereof. IT 1mple-
mented 1n software executed by a processor, the functions
may be stored on or transmitted over as one or more 1nstruc-
tions or code on a computer-readable medium. Computer-
readable media includes both computer storage media and
communication media including any medium that facilitates
transier ol a computer program from one place to another. A
storage medium may be any available medium that can be
accessed by a general purpose or special purpose computer.
By way of example, and not limitation, computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be
used to carry or store desired program code means 1n the form
of mstructions or data structures and that can be accessed by
a general-purpose or special-purpose computer, or a general-
purpose or special-purpose processor. Also, any connection1s
properly termed a computer-readable medium. For example,
if the software 1s transmitted from a website, server, or other
remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies
such as infrared, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wireless technologies
such as infrared, radio, and microwave are included 1n the
definition of medium. Disk and disc, as used herein, includes
compact disc (CD), laser disc, optical disc, digital versatile
disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data opti-
cally with lasers. Combinations of the above are also included
within the scope of computer-readable media.

The previous description of the disclosure 1s provided to
enable any person skilled in the art to make or use the disclo-
sure. Various modifications to the disclosure will be readily
apparent to those skilled 1n the art, and the generic principles
defined herein may be applied to other variations without
departing from the spirit or scope of the disclosure. Thus, the
disclosure 1s not to be limited to the examples and designs
described herein but 1s to be accorded the widest scope con-
sistent with the principles and novel features disclosed herein.

What is claimed 1s:

1. An access terminal of a wireless communication system,
the access terminal comprising:

an antenna configured to transmit and receive wireless

communications;

a transceiver coupled to the antenna;

a load level monitor communicatively coupled to the trans-

cerver and configured to receive, at the access terminal
from the transceiver via the antenna from a plurality of
base transcerver stations (BTSs) 1in a region of the wire-
less network containing the access terminal, indications
of reverse link wireless network tratfic load over a period
of time 1n the region of the wireless network containing
the access terminal and to analyze the indications;

a load level module communicatively coupled to the load
level monitor and configured to combine the indications
for each of the plurality of BTSs over the period of time
to obtain a filtered indication for each of the plurality of
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BTSs and to combine the filtered indications to deter-
mine an aggregate load level associated with the region
of the wireless network containing the access terminal;
and
a transmission module, communicatively coupled to the
load level module and the transceiver, configured to
cause the transceiver to change from transmitting data
packets 1n accordance with a first value of a transmission
characteristic to transmitting data packets 1n accordance
with a second value of the transmission characteristic 1n
response to the aggregate load level being below a first
load threshold value.
2. The access terminal of claim 1 wherein the second value
1s such that the data packets transmitted 1n accordance with
the second value will have a lower-delay termination target
than the packets transmitted 1n accordance with the first value.
3. The access terminal of claim 2 wherein the transmission
characteristic 1s a transmit power used by the transceiver to
transmit data packets, and wherein the second value 1s higher
than the first value.
4. The access terminal of claim 3 wherein the transmission
module 1s configured to cause the transceiver to transmit data
packets at a power level that 1s less than or equal to a transmit
power limit value.
5. The access terminal of claim 4 wherein the transmit
power limit value 1s a ratio relative to a tratfic-to-pilot ratio,
and wherein the access terminal 1s configured to wirelessly
receive the transmit power limit value via the antenna and
store the transmit power limit value.
6. The access terminal of claim 1 wherein the load level
module 1s configured to average the indications for each of the
plurality of BTSs over the period of time to obtain the filtered
indications.
7. A load-adaptive method of transmitting information in a
wireless network from an access terminal, the method com-
prising:
transmitting first data packets from the access terminal
using a transmission characteristic of a first value;

receving, at the access terminal from a plurality of base
transceiver stations (BTSs) 1 a region of the wireless
network containing the access terminal, indications of
reverse link wireless network tratiic load over a period of
time 1n the region of the wireless network containing the
access terminal;

combining the indications for each of the plurality of BT Ss

over the period of time to obtain a filtered indication for
cach of the plurality of BTSs;

combining the filtered 1indications to determine an aggre-

gate load level associated with the region of the wireless
network containing the access terminal;

determining whether the aggregate load level 1s below a

first threshold load level; and

transmitting second data packets from the access terminal

using a transmission characteristic of a second value 1n
response to the aggregate load level being determined to
be below the first threshold load level.

8. The method of claim 7 wherein the second data packets
are transmitted with a lower-delay termination target than the
first packets.

9. The method of claim 8 wherein the transmission char-
acteristic 1s a transmit power used by the access terminal to

transmit data packets, and wherein the second value 1s higher
than the first value.

10. The method of claim 9 wherein the second value 1s less
than or equal to a transmit power limit value.

11. The method of claim 10 wherein the transmit power
limit value 1s a ratio relative to a traffic-to-pilot ratio, and
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wherein the method further comprises wirelessly receiving,
the transmit power limit value at the access terminal.
12. The method of claim 7 further comprising:
determining, after transmitting the second data packets
using the transmission characteristic of the second
value, whether the aggregate load level 1s above a second

threshold load level; and

transmitting third data packets from the access terminal
using the transmission characteristic of the first value in

response to the aggregate load level being determined to
be above the second threshold load level.

13. The method of claim 7 turther comprising determining
that transmitting the second data packets using a lower-delay
termination target 1s permitted.

14. The method of claim 7 wherein combining the 1ndica-
tions for each of the plurality of BTSs comprises averaging,
the mndications for each of the plurality of BTSs to obtain the
filtered indications.

15. A non-transitory computer program product compris-
ng:
a processor-readable medium storing processor-readable
instructions configured to cause a processor to:
transmuit first data packets from an access terminal of a
wireless communication network using a transmuit
power of a first value;

receive, at the access terminal from a plurality of base
transceiver stations (BTSs) 1n a region of the wireless
network containing the access terminal, indications of
reverse link wireless network traffic load over a period
of time 1n the region of the wireless communication
network containing the access terminal;

combine the indications for each of the plurality of BTSs
over the period of time to obtain a filtered indication
for each of the plurality of BTSs;

combine the filtered indications to determine an aggre-
gate load level associated with the region of the wire-
less network containing the access terminal; and

transmit second data packets from the access terminal
using a transmit power of a second value, higher than
the first value, 1 response to the aggregate load level
being below a first threshold load level.

16. The computer program product of claim 15 wherein the
instructions are configured to cause the processor to transmuit
the second data packets such that the second value 1s less than
or equal to a transmit power limit value.

17. The computer program product of claim 16 wherein the
transmit power limit value 1s a ratio relative to a traific-to-
pilot ratio.

18. The computer program product of claim 15 wherein the
second value 1s suificiently high to reduce a termination goal
of the second data packets relative to the first data packets.

19. The computer program product of claim 135 further
comprising nstructions configured to cause the processor to
transmit third data packets, after the second data packets,
from the access terminal using the transmit power of the first
value 1n response to the aggregate load level being above a
second threshold load level while transmitting the second
data packets.

20. The computer program product of claim 15 further
comprising instructions configured to cause the processor to
inhibit transmission of the second data packets at the transmut
power of the second level unless an indication 1s recerved that
using a higher transmit power by the access terminal 15 per-
mitted.

21. The computer program product of claim 15 wherein the
instructions configured to cause the processor to combine the
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indications for each of the plurality of BTSs are configured to
cause the processor to average the indications to obtain the
filtered indications.

22. An access terminal configured to provide a load-adap-
tive termination goal, the access terminal comprising:

an antenna configured to transmit and receive wireless

communications;

a transcerver coupled to the antenna;

transmitting means, communicatively coupled to the trans-

ceiver, for transmitting first data packets 1n accordance
with a first termination goal 1n response to an aggregate
traffic load of a region of a wireless network associated
with the access terminal being below a first threshold
and for transmitting second data packets 1n accordance
with a second termination goal 1n response to the aggre-
gate trallic load being above a second threshold, the first
termination goal being lower than the second termina-
tion goal; and

load means, communicatively coupled to the transmitting,

means and the transceiver, for combining indications of
reverse link wireless traffic load recerved by the trans-
ceiver from each of a plurality of base transceiver sta-
tions (BTSs) over a period of time to determine a filtered
indication for each of the plurality of BTSs, to combine
the filtered indications to obtain the aggregate traffic
load, and for providing an indication of the aggregate
traffic load to the transmitting means.

23. The access terminal of claim 22 wherein the transmit-
ting means are configured to transmit the first data packets
with a higher transmait power level than the second data pack-
ets.

24. The access terminal of claim 22 wherein the transmit-
ting means are configured to transmit the first data packets at
a power level up to a transmit power limit value.

25. The access terminal of claim 24 wherein the transmit
power limit value 1s a ratio relative to a traflic-to-pilot ratio,
and wherein the access terminal further comprises receiving
means for receving the transmit power limit value via the
antenna and the transceiver and storing the transmit power
limit value.

26. The access terminal of claim 1 wherein the load level
monitor 1s further configured to recetve the indications of

reverse link wireless network tratfic load as quantized indi-
cations.

27. The access terminal of claim 1 wherein the transmis-
sion module 1s further configured to cause the transceiver to
change from transmitting data packets in accordance with the
second value of the transmission characteristic to transmit-
ting data packets in accordance with the first value of the
transmission characteristic in response to the aggregate load
level being above a second load threshold value.

28. The access terminal of claim 27 wherein the first load
threshold value and the second load threshold value are equal.

29. The access terminal of claim 27 wherein the second
load threshold value 1s greater than the first load threshold
value.

30. The access terminal of claim 6 wherein the load level
module 1s further configured to average the filtered indica-
tions to determine the aggregate load level.

31. The method of claim 14 wherein combining the filtered
indications comprises averaging the filtered indications to
determine the aggregate load level.

32. The access terminal of claim 22 wherein the load means
1s configured to average the indications for each of the plu-
rality of BTSs over the period of time to determine the filtered
indication for each of the plurality of BT Ss.
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33. The access terminal of claim 32 wherein the load means
1s further configured to average the filtered indications to
obtain the aggregate traflic load.
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